Background: Current literature describing the periacetabular osteotomy (PAO) is mostly limited to retrospective case
healing 1, 2, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Nevertheless, the published clinical evidence regarding this procedure is mostly limited to single-surgeon or single-institution retrospective case series 17 . Controversy remains relative to surgical indications, consistency of clinical outcomes, predictors of treatment results, survivorship, and generalizability of the procedure. Therefore, there exists a major need for large, prospective patient cohorts in investigations of PAO surgery.
Given the major need for better clinical evidence to guide surgeon and patient decision-making, we developed a multicenter hip preservation study group, named ANCHOR (Academic Network of Conservational Hip Outcomes Research). Patient enrollment and comprehensive data collection began in 2008 18 , and to date, we have enrolled 1,393 PAO patients. We recently completed minimum 2-year follow-up on our first 478 hips (the PAO-1 cohort). This data set is the source for the current report (Fig. 1) .
The purposes of the current study were to (1) report minimum 2-year patient-reported outcomes (pain, hip function, activity, overall health, and quality of life), (2) investigate preoperative clinical and disease characteristics as predictors of clinical outcomes, and (3) report the rate of early failures and reoperations among patients undergoing contemporary PAO surgery.
Methods

Patient Selection
T his multicenter, prospective, observational cohort study was approved by each participating institution's institutional review board. From January 1, 2008, to December 31, 2010, 11 surgeons at 8 North American medical centers prospectively enrolled 478 consecutive hips (445 patients) treated with PAO (the PAO-1 cohort). All participating surgeons have experience in PAO surgery 19 . All patients were offered study participation. Patients were included if they underwent a PAO for the treatment of symptomatic acetabular dysplasia. Fifty-four hips (53 patients) that underwent a PAO for other diagnoses were excluded, as was 1 hip (1 patient) that underwent revision PAO (Fig. 1 ). After exclusions, there were 423 hips (391 patients) available for inclusion. For multivariate analysis, 32 additional hips were excluded to avoid bias because they underwent staged bilateral procedures. For these patients, data regarding the first hip treated were used in statistical analyses. This created our study cohort of 391 hips (391 patients). Sixteen of the patients (16 hips) were lost to follow-up and 4 patients (4 hips) withdrew. Therefore, 371 (95%) of the 391 eligible patients (hips) were available for the minimum 2-year follow-up (mean follow-up, 2.6 years; range, 2.0 to 5.4 years) (Fig. 1) .
Study Population
Of the included 391 patients (391 hips), 308 (79%) were female and 83 (21%) were male. The average age at surgery was 25.4 years (range, 10.2 to 53.6 years). The average body mass index (BMI) was 24.9 kg/m 2 (range, 17.05 to 46.61 kg/ m 2 ); 113 (29%) of the patients were overweight (BMI of 25 to <30 kg/m 2 ), and 54 (14%) of the patients were obese (BMI of ‡30 kg/m 2 ). Fifty-nine (15%) of the hips had previously undergone ipsilateral hip surgery (Tables I and II) . At the time of PAO, 70 hips underwent concomitant hip arthroscopy and 233 had Summary of the ANCHOR PAO cohort study. (Table III) .
Data Collection
After providing informed consent for participation in this study, patients were given a comprehensive series of questionnaires (see Appendix) 18 . Patient demographics, medical comorbidities, social history, and previous hip surgery were documented (Table I) 24 .
Patients also self-reported their overall satisfaction with surgery, by answering the question, "What is your satisfaction level with your surgery?" Response options included "extremely satisfied," "very satisfied," "satisfied," somewhat satisfied," and "unsatisfied." Telephone interviews were attempted for all patients who had not been seen in the clinic. Three-hundred and twenty (82%) of the patients had complete clinical and radiographic follow-up, while 51 (13%) of the patients had telephone follow-up. Surgeons also documented preoperative diagnoses, findings of a physical examination, radiographic parameters, surgical procedure details, operative findings, and postoperative treatments for each patient (see Appendix) 18 .
Preoperative and follow-up radiographs included, at minimum, standing or supine anteroposterior pelvic, frog, or Dunn lateral and false profile radiographs 18 . In this report, we focus on the difference between preoperative and postoperative acetabular inclination 25 , anterior center-edge angle (A-CEA) 26 , lateral center-edge angle (L-CEA) 27 , Tönnis grade
25
, and joint congruity 28 ( Table IV) . The severity of acetabular dysplasia was categorized as mild (L-CEA of ‡15°or acetabular inclination [AI] of <10°), moderate (L-CEA of ‡5°to <15°or AI of ‡10°to <20°), or severe (L-CEA of <5°or AI of ‡20°) according to the consensus of the authors 29, 30 . Intraoperative disease classification was recorded prospectively 31 .
Surgical Treatment
All patients underwent a PAO using the basic technique described by Ganz et al. 2 , but details of the surgical technique were left to the discretion of the surgeon. Acetabular reduction was assessed with intraoperative radiography. Additional ipsilateral procedures were performed if the surgeon decided it was necessary to optimize the hip reconstruction (Table III) .
All failures, defined as conversion to total hip arthroplasty, reoperations, and major complications, were documented prospectively. We previously reported on complications associated with PAO surgery 19 . Major complications were defined as grade III (requiring intervention) or IV (life-threatening or with the potential for permanent disability) according to the Dindo-Clavien grading scheme 32, 33 as modified and validated by our group 34, 35 .
Statistical Analysis
Continuous variables, with the exception of BMI, Tönnis grade, and some of the intra-articular variables, are reported as the mean and the standard deviation with the p value and 95% confidence interval (CI). BMI, Tönnis grade, and the continuous intra-articular variables were divided into categories and treated as categorical variables. Categorical variables are reported as percentages. Changes between preoperative and postoperative values were tested with paired-sample t tests. The relationship between each risk factor and the preoperative to postoperative difference in each outcome variable was evaluated with simple linear regression. When an outcome had >1 risk factor with a p value of £0.10, a multiple regression analysis was performed. All risk factors with a p value of £0.10 were initially included in the model. A backward stepwise method was then used, removing risk factors with a p value of >0.05 in the multivariate model, starting with the least significant and rerunning the model with the remaining risk factors until all remaining independent variables had a p value of £0.05. The effect of hospital site on the model was then examined using an indicator variable for each site. Possible interactions between hospital site and the risk factors in the model were evaluated. The relationship of radiographic parameters and intra-articular variables with outcomes were evaluated in analyses of covariance, with the postoperative outcome variable as the dependent variable, the radiographic parameters and intra-articular measurement as the independent variables, and the preoperative scores as the covariate.
Results
A t an average of 2.6 years of follow-up (range, 2.0 to 5.4 years), there were clinically important improvements in all mean patient-reported outcome measures when compared with preoperative baseline scores (Table V) . Three hundred and sixtyfour (93%) of the patients were satisfied with their outcome (55% extremely satisfied, 26% very satisfied, and 12% satisfied). There was a major decrease in the overall level of pain, which was reflected by a mean increase (less pain) of 28.3 (95% CI, 25.3 to 30.1) for the HOOS pain subscore (p < 0.001). Hip and lowerextremity function improved markedly, as indicated by a mean increase of 23.6 (95% CI, 21.5 to 25.5) for the mHHS and an increase of 21.4 (95% CI, 18.9 to 23.6) for the HOOS activities of daily living subscore (p < 0.001 for both). The improvement in mHHS was also reflective of patient improvement in mean activity level, which was indicated by mean increases of 0.4 (95% CI, 0.23 to 0.77) for the UCLA score and 30.8 (95% CI, 27.5 to 34.1) for the HOOS sports and recreation subscore. Patients' overall quality of life and overall health improved, as reflected by mean increases of 34.6 (95% CI, 31.4 to 37.0) for the HOOS quality of life score (p < 0.001), 9.2 for the SF-12 physical component summary score (p < 0.001), and 2.2 for the SF-12 mental component summary score (p <0.001). Clinically important changes have been reported to be 6 to 11 points for the HOOS subscales (0 to 100 points) 22 and 3 to 5 points for the SF-12 subscales (0 to 100 points) 24 . Independent predictors of patient-reported outcomes were identified with multivariate regression analysis and included age, sex, BMI, concomitant ipsilateral procedures, and hospital site (Table VI) . Increasing age was predictive of improved postoperative HOOS pain scores. Each additional year of age was correlated with 0.29 points (95% CI, 0.20 to 0.56 points) of improvement in postoperative pain score (p = 0.04). Male sex was a negative predictor of the ability to perform activities of daily living; male sex was associated with a clinically important decrease of 9.16 points (95% CI, 215.13 to 23.18 
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T There was a significant effect of site on the outcomes of the UCLA score and HOOS total symptoms and total pain. Two sites had significantly lower differences between preoperative and postoperative UCLA scores than did the other sites. Adding an indicator variable for the 2 sites to the model caused the covariate of ipsilateral procedures to become nonsignificant. Although there were significant site effects for the 2 HOOS outcomes, they did not interact with the other variables in the model and did not affect the interpretation of their effect on outcomes. Baseline dysplasia severity was tested by categorizing the severity of deformity as mild (L-CEA of ‡15°or AI of <10°), moderate (L-CEA of ‡5°to <15°or AI of ‡10°to <20°), or severe (L-CEA of <5°or AI of ‡20°) (Fig. 2) . A strong correlation was identified with postoperative mHHS and HOOS pain and sports and recreation scores. While all dysplasia severity categories had improvements in patient-reported outcome scores, analyses of covariance demonstrated that patients with severe dysplasia had greater improvements in the mHHS and HOOS pain and sports and recreation scores when compared with those with mild dysplasia (p < 0.02). Those with moderate dysplasia also had a greater improvement in mHHS relative to the mild group (p < 0.02) (Fig. 2) . No pairwise differences were demonstrated between the different categories of dysplasia severity as categorized by AI. The severity of the preoperative Tönnis grade of osteoarthritis did not correlate with patient-reported outcome scores. Intraoperative disease classification (labrum and acetabular and femoral head articular cartilage) showed no correlation with patient-reported outcomes (data not shown).
At the most recent follow-up, 3 (0.8%) of the hips had undergone conversion to total hip arthroplasty and 12 (3%) of the hips required reoperation, excluding hardware removal. The average age, at the time of surgery, of the patients requiring subsequent total hip replacement was 28.3 years (range, 18 to 35 years), and 2 of the 3 each had undergone >2 previous ipsilateral hip procedures. Reoperations included 8 hip arthroscopies for persistent pain after the PAO. Major complications, classified as modified Dindo-Clavien grade III or IV were noted for 26 (7%) of the hips. Transient nerve palsy was noted in 9 (2%) of the cases, 6 with complete resolution. There were 2 cases (0.5%) of pulmonary emboli and 1 (0.3%) deep venous thrombosis (DVT), all treated successfully with anticoagulation. There were 2 cases (0.5%) of deep infection requiring operative debridement. There were 6 fractures (1.5%). There was 1 dislocation requiring closed reduction. Four (1%) of the patients experienced heterotopic ossification requiring excision. One patient fell, causing loss of fixation that required a return to the operating room for refixation of the mobilized acetabulum. Baseline dysplasia severity was tested by categorizing the severity of deformity severity as mild (L-CEA of ‡15°or AI of <10°) (n = 137 hips), moderate (L-CEA of ‡5°to <15°or AI of ‡10°to <20°) (n = 117 hips), or severe (L-CEA of <5°or AI of ‡20°) (n = 137 hips). While all patients had significant improvement in their patient-reported outcome scores, analyses of covariance demonstrated that patients with severe dysplasia had greater improvements in the mHHS, HOOS pain, and HOOS sports and recreation scores when compared with those with mild dysplasia (p<0.02). Those with moderate dysplasia also had a greater improvement in mHHS relative to the mild group (p<0.02).
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Discussion W hile several surgical treatment options have been described for the treatment of acetabular dysplasia 1, 2, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , these reports were mostly limited to retrospective single-surgeon or single-institution series 17 . In this multicenter, prospective study, we report on our first 391 cases followed for a minimum of 2 years. The procedure has been associated with marked improvements in pain, hip/lower-extremity function, and quality of life. Patient activity increased after the PAO, and patient satisfaction with the surgery was very high (93%). The strongest predictors of successful outcomes were female sex, increased age, and the patient being overweight or obese.
Our data introduce several interesting findings relative to clinical predictors of PAO surgical outcomes. Specifically, increasing age was predictive of improved HOOS pain scores (0.29 points per year), and BMI status as overweight and as obese were positive predictors for multiple outcome measures, including HOOS pain, activities of daily living, and quality of life scores for the former and activities of daily living and the SF-12 physical component summary score for the latter. These observations were unexpected, yet they may reflect patient expectations with surgery. It is possible that older and overweight or obese patients place less demand on the hip and have lower functional expectations. Additionally, male sex was a predictor of a lower HOOS activities of daily living score, suggesting sex-dependent differences in PAO outcomes. Previous studies have highlighted the morphologic differences and potential for poorer outcomes for male patients 36 . Current information suggests that male patients are at heightened risk for secondary femoroacetabular impingement (FAI) after PAO 36, 37 , and this could negatively impact activities of daily living. Another predictor of suboptimal outcomes was preoperative mild dysplasia compared with severe dysplasia. While the patients with mild dysplasia demonstrated major improvements in all patient-reported outcomes, the improvements were less than those of patients with moderate deformity (mHHS) and those with severe deformity (mHHS, HOOS pain, and HOOS sports and recreation). This finding highlights a very important and unresolved issue in hip-preservation surgery. Patients with mild dysplasia pose substantial challenges relative to diagnosis, treatment, and surgical decisionmaking. Symptomatic mild dysplasia can be associated with other factors that may impact treatment results, including excessive femoral torsion and soft-tissue laxity. Precise acetabular reorientation is also challenging in the mildly deformed hip, as overcorrection is possible and may lead to post-PAO FAI. It is also known that a high percentage of dysplastic hips (including mildly dysplastic ones) have concurrent femoral deformities associated with FAI [38] [39] [40] [41] and may be at risk for secondary FAI after PAO.
Our study had limitations. While all patients were diagnosed and treated in a similar fashion, there may have been differences among surgeons' diagnostic algorithms, treatment indications, and surgical procedure details. From our analysis of the impact of site on PAO outcomes, 2 sites were demonstrated to have lower outcomes in terms of the UCLA and HOOS symptoms and pain scores. Although there were site effects with these HOOS subscores, they did not interact with other variables in the model and did not affect their interpretation. Site did have an impact on the UCLA outcome. The addition of an indicator variable for the sites with lower outcomes caused the previously significant covariate of ipsilateral procedures to become nonsignificant, leaving only the site variable in the model. Additionally, these were short-term follow-up data. As this cohort is followed over time, additional observations will likely assist in the refinement of PAO surgery. The ANCHOR database is also primarily focused on acetabular dysplasia, and measurements of femoral morphology was not reported and how it contributes to hip mechanics is poorly understood.
Mid-term to long-term outcomes of retrospective PAO cohorts have been reported. Steppacher et al. reported on 68 hips followed for an average of 20 years and found a 60% survivorship rate 15 . Poor clinical outcomes as measured by the Merle d'Aubigné and Postel score were associated with more advanced . Those authors identified 2 predictors of failure (defined as total hip replacement or a high pain score) including an age of >35 years at the time of surgery or poor/fair preoperative joint congruency. Clohisy et al. performed a systematic review of the literature that encompassed 626 hips followed for an average of 5 years 17 . Seventy-nine percent had a good or excellent clinical result, 7.3% were converted to total hip replacement, and the major complication rate varied from 6% to 37%. Moderate to advanced preoperative osteoarthritis was a predictor of poor outcome. It is important to note that these studies represent the initial experiences with the PAO. Patient selection criteria and surgical technique have evolved substantially over the past 2 decades.
To our knowledge this prospective, multicenter cohort study represents the largest and most comprehensive data set for contemporary PAO surgery. Our results demonstrate marked improvements in patient-reported outcomes, spanning pain, function, activity, quality of life, and overall health. Among wellselected patients treated with sound surgical technique, favorable clinical outcomes can be expected; the early failure/reoperation rates were low. Continued expansion and follow-up of the ANCHOR PAO cohort will provide high-level clinical evidence to further refine and optimize this powerful hip-preservation procedure.
